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(54) IMPINGEMENT COOUNG DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent generation of a cross flow and to 
improve cooling performance by defining a cavity in a high temperature 
member of a gas turbine with an impingement plate, and dividing the cavity 
into a plurality of chambers with the impingement plate, and forming a 
clearance with throttled path between each cavity. 

SOLUTION: A partition 1 7 is provided in width direction at almost center of 
a stationary shroud 13 of a gas turbine. A first impingement plate 1 1 made 
of a heat resisting metal and having many cooling vents drilled therein is 
fixed on frame portions 1 3a and 1 3b of the shroud 1 3 by welding both ends 
thereof. A second impingement plate 20 is disposed by fixing one end 
thereof to an upper end edge of the partition 1 7 and the other end to the 
frame 13b. Accordingly, at the upper portion of the shroud 13, a first cavity 
1 6 is formed between a bottom plate 1 3c of the shroud 1 3 and the first 
impingement plate 1 1, a second cavity 19 is formed between the first and 
the second impingement plates 11 and 20. The cavities 16 and 19 are 
communicated via a clearance 18 with throttled path. 
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* NOTICES * 

Japan Patent 0££ice is not responsible for any 
d€unages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the impingement-cooling equipment which comes to carry out partition formation of the cavity which the 
cooling section of the above-mentioned elevated-temperature member faces with the impingement plate with which 
many cooling holes were drilled by elevated-temperature members, such as a configuration member of a gas turbine It is 
impingement-cooling equipment which divides the above-mentioned cavity into two or more cavities with the above- 
mentioned impingement plate, forms the gap where passage was extracted between each above-mentioned cavity, and is 
characterized by coming to prepare the above-mentioned cooling hole for two or more above-mentioned cavities of 
every, as for the above-mentioned impingement plate. 

[Claim 2] The above-mentioned impingement plate is impingement-cooling equipment according to claim 1 which 
prepares and becomes so that the cooling medium which blows off the cooling hole of the above-mentioned outlet part 
from this cooling hole through the above-mentioned downstream cavity at least while preparing the cooling hole of the 
above-mentioned inlet-port part at least so that the cooling medium which flows out of this cooling hole into the above- 
mentioned upstream cavity may collide with the upstream cooling surface of the above-mentioned elevated-temperature 
member may collide with the downstream cooling surface of the above-mentioned elevated-temperature member. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention should put on a cooling medium to an impingement plate ~ it is related with the 
impingement-cooling equipment which performs cooling of an elevated-temperature member, i.e., impingement 
cooling, through the impingement-cooling hole (stoma) of******a large number. 
[0002] 

[Description of the Prior Art] Turbine elevated-temperature components, such as a bucket of a gas turbine and a 
stationary-blade shroud, are used under very high gas-temperature conditions in order to attain efficient-ization of a 
body, but in order to make these into suitable temperature, the various cooling technique is offered. The impingement- 
cooling technique is in one of the cooling technique of these. 

[0003] Drawing 5 shows one conventional example of the impingement-cooling equipment of the division ring of the 
above-mentioned gas turbine, and sets it to drawing 5 . Many inlet-port holes where 1 was fixed to the division ring, i.e., 
a cooled object, and 4 was fixed to the **** cooling object 1, That is, it is the plate (impingement plate) with which the 
impingement-cooling hole was drilled, and the cooled object 1 is cooled in the phase which a cooling medium 5 serves 
as the impingement jet 6 through the inlet-port hole 3 of the above-mentioned plate 4, and a pressure descends, and is 
introduced into a cavity 10. The cooling medium 5 which cooled the cooled object 1 by the above-mentioned cavity 10 
flows out of outlet hole 8a of a minor diameter into elevated-temperature gas 9. 
[0004] 

[Problem(s) to be Solved by the Invention] If it is in the cooling means using the impingement effectiveness by letting 
the impingement-cooling hole (inlet-port hole) 3 pass for the above cooling media 5, since cooling media (air, steam, 
etc.) 5 are generated by the compressor of a gas turbine or it is supplied fi-om the outside, it is required that consumption 
of a cooling medium 5 should be made into the minimum for these effectiveness reservation. Moreover, in the case of 
the above porous impingement cooling, the cross flow 7 which crosses the impingement jet 6 occurs, and the cooHng 
engine performance falls to it remarkably by this cross flow. 

[0005] Furthermore, in applying this impingement cooling to a gas turbine etc., it has usually combined with film 
cooling and extent to which elevated-temperature gas 9 does not flow backwards through the film-cooling hole 8 in the 
cavity 10 section takes holding a cavity pressure highly in this case. Thereby, in the downstream with the low pressure 
by the side of elevated-temperature gas 9, it is in the inclination for the differential pressure in a gas side and a cavity 10 
to become large, a cooling medium 5 is revealed to the elevated-temperature gas 9 side, and the consumption increases. 
[0006] While the purpose of this invention prevents generating of the cross flow which crosses impingement jet and 
improves the cooling engine performance, a cooling medium is to offer the impingement-cooling equipment which 
differential pressure of the cavity and gas passageway which carry out conduction is made small, and the flow to the gas 
passageway of a cooling flxiid is decreased, and can reduce the consumption of a cooling medium. 
[0007] 

[Means for Solving the Problem] The 1st means which this invention solves the above-mentioned trouble and is made 
into the summary to elevated-temperature members, such as a configuration member of a gas turbine In the 
impingement-cooling equipment which comes to carry out partition formation of the cavity which the cooling section of 
the above-mentioned elevated-temperature member faces with the impingement plate with which many cooling holes 
were drilled The above-mentioned impingement plate divides the above-mentioned cavity into two or more cavities, the 
gap where passage was extracted between each above-mentioned cavity is formed, and the above-mentioned 
impingement plate is to come to prepare the above-mentioned cooling hole for two or more above-mentioned cavities of 
every. 
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[0008] The 2nd means is set for the 1st means of the above at least. Moreover, the above-mentioned impingement plate 
While preparing the cooling hole of the above-mentioned inlet-port part so that the cooling medium which flows out of 
this cooling hole into the above-mentioned upstream cavity may collide with the upstream cooling surface of the above- 
mentioned elevated-temperature member At least, about the cooling hole of the above-mentioned outlet part, it prepares 
and the cooling medium which blows off from this cooling hole through the above-mentioned downstream cavity 
becomes so that it may collide with the downstream cooling surface of the above-mentioned elevated-temperature 
member. 

[0009] According to the above-mentioned means, a gap is passed, after blowing off a cooling medium from the 
impingement-cooling hole of the inlet-port part of an upstream cavity to an upstream cavity and cooling the upstream 
part of an elevated-temperature member. Since the same cooling fluid of cooling the downstream part of an elevated- 
temperature member from the impingement-cooling hole of the outlet part of a downstream cavity will perform 
impingement cooling by drawing of multiple times Sufficient pressure drawdown even for a gas-passageway inlet port 
is made, cooling media decrease in number sharply compared with the thing of the former [ differential pressure / of a 
downstream cavity and a gas passageway ], and the amount of the cooling medium emitted to a gas passageway 
decreases. 

[0010] Moreover, divide a cavity into an upstream cavity and a downstream cavity, and it is made open for free passage 
in the gap which extracted passage, and the flow of a cooling medium turns into smooth flowing from the upstream to 
the downstream in a cooling medium by letting an upstream impingement-cooling hole and a downstream impingement- 
cooling hole pass, generating of a cross flow can be prevented, and the cooling engine performance improves. 
[0011] 

[Embodiment of the Invention] With reference to drawing J - dra win g 4 , it explains to a detail per operation gestalt of 
this invention below. The perspective view in which the important section sectional view (A-A line sectional view of 
drawing^ ) of the shroud section in which drawing 1 shows the 1st gestalt of operation of this invention, and drawing 2 
show the perspective view (bird's-eye view) of the above-mentioned shroud section, and drawing 3 shows the 2nd 
gestalt of operation, and drawing 4 are the perspective views showing the 3rd gestalt of operation. 
[0012] In the 1st gestalt shown in drawing 1 - drawin g 2 , 13 is the stationary-blade shroud (henceforth a shroud) of a 
gas turbine, and 17 is the septum of this shroud 13 mostly formed in the center section crosswise (mainstream gas 15 
and the direction of a right angle). 1 1 is the 1st impingement plate which consists of a heat-resistant metal plate of thin 
meat, and the both ends have fixed it by welding to the frame parts 13a and 13b of the above-mentioned shroud 13. 21 is 
the 2nd impingement plate, the end fixed by welding on the upper limit edge of the above-mentioned septum 17, and the 
other end has fixed it to the above-mentioned frame part 13b. 

[0013] And the 1st cavity 16 which is the space where the upper part of the above-mentioned shroud 13 is formed 
between bottom plate section 13c of this shroud and the one half (left half) of the above-mentioned 1st impingement 
plate 1 1 is formed. The 2nd cavity 19 which is the space formed between the remaining one half (right half) of this 1 st 
impingement plate 1 1 and the top face of the above-mentioned 2nd impingement plate 20 is formed, and between both 
the above-mentioned cavities 16 and 19 is opened for free passage in the clearance 18 where passage was extracted to 
some extent, and it is constituted. 31 is the outlet space formed between the inferior surface of tongue of the above- 
mentioned 2nd impingement plate, and the above-mentioned bottom plate section 13c. 

[0014] The impingement-cooling hole 12 of a large number which open the inlet-port space and the 1st cavity 16 of the 
above of a cooUng medium 5 for free passage is drilled by the above-mentioned 1st impingement plate 11, and the 
impingement-cooling hole 21 of a large number which open the 2nd cavity 19 of the above and the above-mentioned 
outlet space 3 1 for free passage is drilled by the above-mentioned 2nd impingement plate 20. The film-cooling hole 
where 14 opens the 1st cavity 16 of the above and the path of mainstream gas 15 for free passage, and 22 are film- 
cooling holes which open the above-mentioned ouflet space 31 and the path of mainstream gas 15 for free passage. 
[0015] the rate of flow which a cooling medium 5 is supplied from the compressor of a gas turbine, and an external 
source of supply, and produces the impingement-cooling hole 12 of the 1st impingement plate 1 1 from suitable 
differential pressure in the stationary-blade shroud cooUng system of the gas turbine constituted as mentioned above - 
with - **** - it passes. The cold end of the shroud 13 which is a cooled object is cooled with the impingement jet 
produced by this conduction. In a gas turbine with the large thermal load of the shroud 13 which is a cooled object etc., 
the above-mentioned film-cooling hole 14 is formed. In this case, it is necessary to maintain the pressure of the 1st 
cavity 16 more highly than the pressure by the side of mainstream gas 15. 

[0016] After going into the 1st cavity 16, cooling the shroud 13 which is a cooled object and a rise is brought about 
whenever [ suitable pressure loss / accompanying the above-mentioned cooling, passage of the impingement-cooling 
hole 12, etc. /, and cooling intermediation temperature ], the above-mentioned cooling medium 5 passes through the 
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clearance 18 between the 1st impingement plate 1 1 and a septum 17, and flows into the 2nd cavity 19. then, the rate of 
flojv in which the above-mentioned cooling medium 5 produces the impingement-cooling hole 21 of the 2nd 
impingement plate 20 from suitable differential pressure - with - **** - it passes again. The cold end of the shroud 13 
which is a cooled object is again cooled with the impingement jet of the cooling medium 5 produced by the above- 
mentioned conduction. Moreover, the cooling medium 5 after the above-mentioned 2nd impingement plate 20 passage 
is formed according to the structure and the thermal load of a shroud 13 which are a cooled object. It is discharged from 
film-cooling hole 22 grade at the mainstream gas 15 side. Alike being appropriate the pressure of the gas side from 
the downstream to a discharge place rather than the 2nd cavity 19 of the above Since it is in the inclination which 
becomes low in the shaft-orientations downstream in a gas turbine etc., By the downstream, the pressure of a cooling 
medium 5 declines rather than the 2nd cavity 19 by passing the impingement plates 1 1 and 12 with which a cooling 
medium 5 produces pressure loss big two or more times according to this operation gestalt. When differential pressure 
with the pressure of a gas side becomes small, the leak rate to the inside of the mainstream gas 15 of a cooling medium 
5 can be decreased. 

[0017] as mentioned above ~ according to the operation gestalt shown in drawin g 1 - drawin g 2 - a cooling medium 5 - 
- above-mentioned 1st impingement plate 1 1-> - since the 1st cavity 16 -> 2nd cavity 19 -> 2nd impingement plate 20 - 
> outlet space 31 and impingement cooling of multiple times are made with the same cooling medixmi, the consumption 
of a cooling medium 5 is more sharply [ than the conventional thing ] reducible. 

[0018] Moreover, since the mainstream gas 15 of the shaft-orientations upstream is generally high pressure in a gas 
turbine etc., it is necessary to maintain the pressure in the 1st cavity 16 of the upstream more than the pressure by the 
side of mainstream gas 15. although the amount of appropriate cooling media according [ in / it is alike and / the 
conventional thing ] to the film blowdown from the downstream film-cooling hole 22 from the above-mentioned limit 
was excessive With this operation gestalt, it sets to a design stage. About the cavity section of the downstream rather 
than the 2nd cavity 19 by the cavity volume, the impingement bore diameter, the number, the film-cooling bore 
diameter, the number, etc. Since differential pressure can be adjusted, While the above-mentioned adjustment can 
perform suitable impingement cooling, the amoimt of cooling media can be controlled and high film-cooling 
effectiveness can be acquired by adjusting the film blowdown rate of flow from the film-cooling hole 22 further. 
[0019] Moreover, in the conventional thing, although it was difficult to control the cross flow to which the 
impingement-cooling engine performance is reduced remarkably, since the above-mentioned cross flow can once be lost 
each time, the very high impingement-cooling engine performance can be obtained with two or more impingement 
plates 1 1 and 20, according to the operation gestalt of this invention. 

[0020] With the 3rd gestalt of operation shown in drawing. 3 , this invention is applied to the cooling bucket of a gas 
turbine. In this case many impingement-cooling holes 12 should put on inside the hollow bucket 40, i.e., a cooling 
bucket, - with the 1st cavity 16 surrounded by the outside of the 1st impingement plate 1 1 of ******, and outer wall 
40a of a bucket many impingement-cooling holes 21 should put on - the 2nd cavity 19 surrounded by the 2nd 
impingement plate 20 of ****** is formed, and the both-sides outlet of the 1st cavity 16 of the above and the 2nd cavity 
19 are opened for free passage by the clearance 18 where passage was narrowed. 

[0021] In this operation gestalt, the pressure of a cooling medium 5 is lowered through many impingement-cooling 
holes 12 from the space surrounded by the above-mentioned 1st impingement plate 11, and it goes into the 1st cavity 16. 
The pressure is lowered through two clearances 18, and go into the 2nd cavity 19 and the pressure is lowered through 
many impingement-cooling holes 21 from this 2nd cavity 19. By flowing into the space between the external surface of 
the 2nd impingement plate 20, and outer wall 40a, the pressure is fully lowered and it flows out of the film-cooling hole 
22 into the passage of mainstream gas 15. 

[0022] With the 3rd operation gestalt shown in drawing 4 , this invention is applied to the turbine division ring of a gas 

turbine, and the structure in this case is the same as the 1st gestalt shown in drawin g 1 . 

[0023] 

[Effect of the Invention] Since this invention is constituted as mentioned above, and impingement cooling by drawing of 
multiple times is made with the same cooling medium according to this invention, pressure drawdown even for a gas 
inlet path inlet port with a sufficient cooling fluid is made, and decreases sharply compared with the thing of the former 
[ differential pressure / of a downstream cavity ouflet and a gas passageway ]. By this, the amount of cooling media 
which flows into a gas passageway can decrease, and the consumption of a cooling medium can be reduced. 
[0024] Moreover, by establishing an impingement-cooling hole in the inlet port and outiet of two cavities which were 
opened for free passage in the gap which extracted passage, and letting these cooling hole and two cavities pass for a 
cooling fluid from the upstream in order to the downstream, it becomes that the smooth cooling medium with which 
generating of a cross flow was prevented flows, and the cooling engine performance improves. 
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* NOTICES * 

Japan Patent 0££ice is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 3] 
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[Drawing 4] 
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